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(54) FUEL CELL OPERABLE IN MODERATE TEMPERATURE RANGE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell 
which can operate in a moderate temperature range, 
by raising the operating temperature in a solid 
polymer membrane fuel cell and lowering the 
operating temperature of a solid oxide type fuel cell. 
SOLUTION: Dense layers of hydrogen permeable 
metal 21, 22 and 24 are provided on both sides of 
polymer electrolyte layer 20 in the solid polymer 
membrane fuel cell. Thus, the break off of the 
moisture of the electrolyte layer 20 is suppressed, 
and the operating temperature can be raised; while in 
the solid oxide type fuel cell, the dense membrane of 
hydrogen permeable metal is made the base material 
and the electrolyte layer is formed thereon. In this 

way, the electrolyte layer can be made sufficiently thin, and the operating temperature can 
be lowered. 
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JPO and NCEPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s hc> ws the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

It is an electrolyte membrane for fuel cells, 
The water electrolyte layer containing moisture, 

The electrolyte membrane which has the precise film of the hydrogen permeability 
ingredient formed in both sides of this electrolyte layer. 
[Claim 2] 

It is an electrolyte membrane according to claim 1, 

Said water electrolyte layer is an electrolyte membrane which is a solid-state poly 

membrane. 

[Claim 3] 

It is an electrolyte membrane according to claim 1, 

The precise film arranged at the oxygen pole side of said fuel cell is an electrolyte 
membrane formed with either of the alloys including at least vanadium, niobium, 
tantalums, and these parts. 
[Claim 4] 

claims 1-3 - either ■■ the electrolyte membrane of a publication — it is 

The precise film arranged at the hydrogen pole side of said fuel cell is an electrolyte 

membrane formed with palladium or a palladium alloy. 

[Claim 5] 

It is an electrolyte membrane according to claim 1, 

The precise film of said hydrogen permeability ingredient consists of two-layer hydrogen 

[ at least ] demarcation membrane layers which consist of a dissimilar metal, 

It had the metal diffusion control layer of the contact interface of this dissimilar metal 

which controls diffusion of these dissimilar metals in part at least. 

Electrolyte membrane. 

[Claim 6] 

It is an electrolyte membrane according to claim 5, 

Said metal diffusion control layer is a proton conductor, a mixed conductor, an insulator, 
the ceramics, and an electrolyte membrane containing at least one of the metals of 
non conductivity [ proton ]. 
[Claim 7] 
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It is a fuel cell, 

claims 1-6 - either - the electrolyte membrane of a publication, 

The oxidation gas supply section which supplies oxidation gas to the oxygen pole arranged 
in one field of this electrolyte membrane, and this oxygen pole, 

the hydrogen pole arranged in the field of another side of this electrolyte membrane, and 
this hydrogen pole - hydrogen - a fuel cell equipped with the fuel gas feed zone which 
supplies rich fuel gas. 
[Claim 8] 

It is an electrolyte membrane for fuel cells, 

The base material formed with the precise hydrogen permeability ingredient, 

An electrolyte membrane equipped with the electrolyte layer of the minerals formed by one 

[ at least ] field on this base material. 

[Claim 9] 

It is an electrolyte membrane according to claim 8, 

An electrolyte membrane equipped with the coat of the hydrogen permeability ingredient 
which covers the field of the side which does not touch said base material among the fields 
of said electrolyte layer. 
[Claim 10] 

It is an electrolyte membrane according to claim 9, 

Said base material and said coat are an electrolyte membrane formed with a metallic 
material of a different kind. 
[Claim 11] 

It is an electrolyte membrane according to claim 8, 

The base material of said hydrogen permeability ingredient consists of two-layer hydrogen 

[ at least ] demarcation membrane layers which consist of a dissimilar metal, 

It had the metal, diffusion control layer of the contact interface of this dissimilar metal 

which controls diffusion of these dissimilar metals in part at least. 

Electrolyte membrane. 

[Claim 12] 

It is an electrolyte membrane according to claim 11, 

Said metal diffusion control layer is a proton conductor, a mixed conductor, an insulator, 
the ceramics, and an electrolyte membrane containing at least one of the metals of 
non-conductivity [ proton ]. 
[Claim 13] 

claims 8- 12 - either - the electrolyte membrane of a publication - it is 

Said base material is an electrolyte membrane formed with either of the alloys including at 
least vanadium, niobium, tantalums, and these parts. 
[Claim 14] 

It is an electrolyte membrane according to claim 13, 
Said electrolyte layer is formed by the solid acid ghost, 

A part of interface [ at least ] of said base material and said electrolyte layer was equipped 
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with the reaction control layer which controls the reaction of the oxygen atom in said 
electrolyte layer, and said base material. 
Electrolyte membrane. 
[Claim 15] 

It is an electrolyte membrane according to claim 14, 

Said reaction control layer is an electrolyte membrane containing at least one of a proton 
conductor, a mixed conductor, and insulators. 
[Claim 16] 

It is an electrolyte membrane according to claim 8, 

The electrolyte of said electrolyte layer is a specified quantity **** multiple oxide about 
oxygen while including the 1st site which uses alkali metals as a principal component by 
the fixed ratio to the 2nd site which uses other elements as a principal component, 
Said multiple oxide is a multiple oxide with which the mole ratio of the component of the 
1st site to the component of the 2nd site was compounded with the mixing ratio smaller 
than said fixed ratio. 
Electrolyte membrane. 
[Claim 17] 

It is an electrolyte membrane according to claim 8, 

The electrolyte of said electrolyte layer is a specified quantity **** multiple oxide about 
oxygen while including the 1st site which uses alkali metals as a principal component by 
the fixed ratio to the 2nd site which uses other elements as a principal component, 
said multiple oxide is specified quantity **** about the oxide of the 3rd element which 
forms an oxide with said alkali metals - it is the multiple oxide compounded in the 
condition 

Electrolyte membrane. 

[Claim 18] 

It is a fuel cell, 

claims 8-17 - either - the electrolyte membrane of a publication, 

The oxidation gas supply section which supplies oxidation gas to the oxygen pole arranged 
in one field of this electrolyte membrane, and this oxygen pole, 

the hydrogen pole arranged in the field of another side of this electrolyte membrane, and 
this hydrogen pole - hydrogen - a fuel cell equipped with the fuel gas feed zone which 
supplies rich fuel gas. 
[Claim 19] 

It is a fuel cell according to claim 18, 

Said base material is a fuel cell arranged rather than this base material so that said 
electrolyte layer may exist in a hydrogen pole side while being either of the alloys including 
at least vanadium, niobium, tantalums, and these parts. 
[Claim 20] 

It is a fuel cell according to claim 18 or 19, 

Said electrolyte membrane is a fuel cell arranged so that either [ at least ] said base 
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material or a coat may intervene between said electrolyte layers and oxygen poles. 
[Claim 21] 

It is the manufacture approach of the electrolyte membrane for fuel cells, 

The process which forms the water electrolyte layer containing moisture, 

The manufacture approach equipped with the process which forms the precise film of a 

hydrogen permeability ingredient in both sides of this electrolyte layer. 

[Claim 22] 

It is the manufacture approach of the electrolyte membrane for fuel cells, 

a) The process for which the base material formed with the precise hydrogen permeability 
ingredient is prepared, 

b) The manufacture approach which equips one [ at least ] field of this base material with 
the process which forms an inorganic electrolyte layer. 

[Claim 23] 

It is the manufacture approach according to claim 22, 

The electrolyte of said electrolyte layer is a specified quantity **** multiple oxide about 
oxygen while including the 1st site which uses alkali metals as a principal component by 
the fixed ratio to the 2nd site which uses other elements as a principal component, 
Said process b is the manufacture approach equipped with the process which compounds 
the mole ratio [ as opposed to the component of the 2nd site for said multiple oxide ] of the 
component of the 1st site with a mixing ratio smaller than said fixed ratio. 
[Claim 24] 

It is the manufacture approach according to claim 22, 

The electrolyte of said electrolyte layer is a specified quantity **** multiple oxide about 
oxygen while including the 1st site which uses alkali metals as a principal component by 
the fixed ratio to the 2nd site which uses other elements as a principal component, 
said process b is specified quantity **** about the oxide of the 3rd element which forms 
said alkali metals and oxide for said multiple oxide the manufacture approach equipped 
with the process compounded in the condition. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the fuel cell which can operate in a moderate temperature region. 
[0002] 

[Description of the Prior Art] 

In recent years, the fuel cell generated according to the electrochemical reaction of 
hydrogen and air attracts attention as an energy source. The fuel cell of high temperature 
forms, such as a fuel cell of low temperature forms, such as a solid-state macromolecule 
membrane type, and a solid acid ghost mold, exists in the thing using a solid electrolyte 
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membrane among fuel cells. 
[0003] 

The fuel cell of a solid-state macromolecule membrane type uses poly membranes, such as 
Nafion (trademark), for the electrolyte membrane inserted into inter-electrode. In this 
electrolyte membrane, if water content becomes low, ionic conductivity will fall and 
membrane resistance will become large. Therefore, in order to hold down membrane 
resistance to the practical range, operation at the low temperature which can avoid 
extreme evaporation of moisture is needed. Generally in the actual condition, the fuel cell 
of a solid-state macromolecule membrane type is operated in about 150 degrees C or less. 
[0004] 

The fuel cell of a solid acid ghost mold uses the thin film of the minerals of a zirconia and 
others for the electrolyte membrane inserted into inter- electrode. Since the membrane 
resistance of this electrolyte membrane is in the inclination which increases, so that it 
becomes low temperature, in order to hold down membrane resistance to the practical 
range, operation comparatively in an elevated temperature is needed. Although it is also 
possible to reduce membrane resistance by making thickness of an electrolyte membrane 
thin, it is dramatically difficult to form a precise thin film on the electrode formed by the 
porous body, and sufficient thin filnrization is not attained. Generally in the actual 
condition, the fuel cell of a solid acid ghost mold is operated at the temperature of about 
700 degrees C or more. 
[0005] 

In addition, the hydrogen demarcation membrane of five layer systems which covered 
Palladium Pd through the hydrogen permeability middle class as an example which 
constituted the film from two or more layers to base metal both sides of VB group element 
(Vanadium V, Niobium Nb, Tantalum Ta) is proposed by the patent reference 1. 
[0006] 

[Patent reference l] 

JP,7-185277,A 

[0007] 

[Problem(s) to be Solved by the Invention] 

Conventionally, what operates in an about 150-700-degree C moderate temperature region 
did not exist in the fuel cell using a solid electrolyte membrane. Generally, since 
electrolytic membrane resistance was in the inclination which becomes so low that 
temperature is high, ele vated- temperature -ization of operating temperature was desired 
about the fuel cell of a solid-state macromolecule membrane type. On the other hand, it 
needed to consider as the configuration member and structure where thermal resistance 
was taken into consideration in the system using a fuel cell when the operating 
temperature of a fuel cell was extremely high, and the constraint on a design was large. 
[0008] 

In view of these technical problems, this invention attains elevated-temperature-izing of 
the operating temperature of the fuel cell of a low temperature form, and low 
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temperature-ization of the operating temperature of the fuel cell of a high temperature 
form, and aims at offering the fuel cell which can operate in a moderate temperature 
region. 
[0009] 

[The means for solving a technical problem, and its operation and effectiveness] 
In order to solve a part of above-mentioned technical problem [ at least ], the 1st electrolyte 
membrane for fuel cells in this invention was considered as the following configurations. 
Let the 1st electrolyte membrane be the three-tiered structure which has a water 
electrolyte layer containing moisture, and the precise film of the hydrogen permeability 
ingredient formed in the both sides. By covering both sides of a water electrolyte layer with 
the precise film, even if it operates under an elevated temperature, evaporation of the 
moisture of a water electrolyte layer can be controlled, and buildup of membrane 
resistance can be controlled. Therefore, the operating temperature of the fuel cell of a low 
temperature form can be raised by using this electrolyte membrane. The film which 
included moisture in a ceramic, glass, and alumina systems, such as a solid-state poly 
membrane, heteropolyacid systems, water peta-alumina systems, etc., such as Nafion 
(trademark), can be used for a water electrolyte layer. 
[0010] 

In the 1st electrolyte membrane, the precise film arranged at an oxygen pole side in case it 
is used for a fuel cell can be used as either of the alloys including at least vanadium, 
niobium, tantalums, and these parts. For example, it is good also as a vanadium simple 
substance, and good also as a vanadium- nickel alloy etc. Generally, these ingredients have 
the high permeability of hydrogen, and since it is comparatively cheap, they fit this 
application. Although it is also possible to apply these ingredients to the precise film by the 
side of a hydrogen pole, it is more desirable to use for an oxygen pole side, in order to avoid 
hydrogen embrittlement. 
[0011] 

In the 1st electrolyte membrane, the precise film arranged at a hydrogen pole side in case 
it is used for a fuel cell can be used as palladium or a palladium alloy. Palladium is because 
it is the ingredient which cannot carry out hydrogen embrittlement easily while having 
comparatively high hydrogen permeability. 
[0012] 

The precise film of said hydrogen permeability ingredient is good also as what consists of 
two-layer hydrogen [ at least ] demarcation membrane layers which consist of a dissimilar 
metal, and is equipped with the metal diffusion control layer of the contact interface of this 
dissimilar metal which controls diffusion of these dissimilar metals in part at least. 
[0013] 

Sandwiches structure film, such as for example, palladium / vanadium / palladium, may be 
used for a hydrogen permeability ingredient. Although the transmission rate of vanadium 
of a proton or a hydrogen atom is quicker than palladium and there is an advantage of 
being cheap, there is also a fault that the capacity to divide a hydrogen molecule into a 



6/19 



Japanese Publication number : 2004-146337 A 



proton etc. is low. Penetrable ability can be raised because the capacity to divide a 
hydrogen molecule into a proton forms the thin film of high palladium in one side or both 
sides of vanadium. As for a metal, the metal of VB groups, such as niobium and a tantalum, 
may be used besides vanadium. 
[0014] 

However, with the hydrogen permeability ingredient formed in this way, hydrogen 
permeability ability will fall by heat treatment at the time of manufacture with time by the 
counter diffusion of a dissimilar metal. If such an electrolyte membrane is used for a fuel 
cell, the electromotive force of a cell will also decline. Then, if it has a metal diffusion 
control layer like this invention, the metal counter diffusion of dissimilar metals can be 
controlled and lowering of the hydrogen permeability ability of a hydrogen permeability 
ingredient can be controlled. A metal diffusion control layer may be attached to all the 
contact interfaces of a dissimilar metal, arid may be discontinuously attached to 
continuation. You may be island shape when it attaches in discontinuous. 
[0015] 

Said metal diffusion control layer is good also as a thing containing at least one of the 
metals of non-conductivity [ proton / a proton conductor, a mixed conductor, an insulator, 
the ceramics, and ]. 
[0016] 

A proton conductor is a conductor which penetrates a proton and does not penetrate an 
electron. A mixed conductor penetrates a proton and an electron. On the other hand, an 
insulator penetrates neither a proton nor an electron. The ceramics is a kind of a proton 
conductor, and although the metal of non-conductivity [ proton ] penetrates an electron, a 
proton does not penetrate. Attaching discontinuously is desirable when using an insulator 
as a metal diffusion control layer. A metal diffusion control layer may be the composite 
material and the dip ingredient containing a proton conductor etc. 
[0017] 

This invention may be constituted as a fuel cell which used the 1st electrolyte membrane, 
the oxidation gas supply section in which this fuel cell supplies an oxygen pole to one field 
of the 1st electrolyte membrane, and supplies oxidation gas to an oxygen pole - arranging 
- the field of another side - a hydrogen pole and a hydrogen pole - hydrogen it is 
constituted by having the fuel gas feed zone which supplies rich fuel gas. 
[0018] 

The 2nd electrolyte membrane in this invention is equipped with the electrolyte layer of 
the base material formed with the precise hydrogen permeability ingredient, and the 
minerals formed by the field of one [ at least ] of these. If it. carries out like this, an 
electrolyte layer can fully be thin-filnrized by forming membranes on a precise base 
material. For example, it is possible conventionally to make thin to about 0.1*1 micrometer 
thickness of the electrolyte layer which was 10 micrometers or more. Therefore, operating 
temperature of the fuel cell of a high temperature form can be low-temperature-ized by 
using the 2nd electrolyte membrane. The ceramic proton conductor of BaCe03 and SrCe03 
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system can be used for an inorganic electrolyte layer. An electrolyte layer may form 
membranes only on one side of a base material, and may form membranes to both sides. 
The latter can also be caught with the configuration which sandwiched the base material 
in the electrolyte layer. 
[0019] 

In the 2nd electrolyte membrane, you may have the coat of the hydrogen permeability 
ingredient which covers the field of the side which does not touch a base material. As a 
hydrogen permeability ingredient, an alloy including at least vanadium, niobium, 
tantalums, and these parts, palladium, a palladium alloy, etc. can be used, for example. An 
electrolyte layer can be protected by using this coat. 
[0020] 

In the 2nd electrolyte membrane, a base material and a coat may be formed with a metallic 
material of a different kind. In the contact surface of a metallic material of a different kind, 
although the alloying by diffusion may arise, there is also an advantage which can avoid 
alloying with this configuration, harnessing the property of both metals by making an 
electrolyte membrane intervene between dissimilar metals. As a dissimilar metal, it can 
consider as either of the alloys including at least vanadium, niobium, tantalums, and these 
parts, and the combination of palladium or a palladium alloy, for example. 
[0021] 

It may be good also as what consists of two -layer hydrogen [ at least ] demarcation 
membrane layers which the base material of said hydrogen permeability ingredient 
becomes from a dissimilar metal, and is equipped with the metal diffusion control layer of 
the contact interface of this dissimilar metal which controls diffusion of these dissimilar 
metals in part at least, and said metal diffusion control layer may contain at least one of 
the metals of non-conductivity [ proton / a proton conductor, a mixed conductor, an 
insulator, the ceramics, and ]. Its operation and effectiveness are the same as that of the 
case of the 1st electrolyte membrane. 
[0022] 

As for a base material, it is [ in / the 2nd electrolyte membrane ] desirable to form with 
either of the alloys including at least vanadium, niobium, tantalums, and these parts. 
These ingredients have high hydrogen permeability, and since it is comparatively cheap, 
they can form the base material of sufficient thickness by low cost. 
[0023] 

Said electrolyte layer is formed by the solid acid ghost, and is good also as a thing equipped 
with the reaction control layer which controls the reaction of the oxygen atom in said 
electrolyte layer, and said base material to a part of interface [ at least ] of said base 
material and said electrolyte layer. 
[0024] 

If the electrolyte layer and the base material touch when an electrolyte layer is a solid acid 
ghost, the oxygen and the base material in an electrolyte will react and a base material will 
serve as an oxide. If such an electrolyte membrane is used for a fuel cell, since hydrogen 
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permeability will fall, the electromotive force of a fuel cell declines from usual. Then, by 
having a reaction control layer, the reaction of oxygen and a base material can be 
controlled and lowering of electromotive force can be controlled. A reaction control layer 
may be attached to all the contact interfaces of an electrolyte layer and a base material, 
and may be discontinuously attached to continuation. You may be island shape when it 
attaches in discontinuous. 
[0025] 

Said reaction control layer is good also as a thing containing at least one of a proton 
conductor, a mixed conductor, and insulators. Attaching discontinuously is desirable when 
using an insulator as a reaction control layer. 
[0026] 

A specified quantity **** multiple oxide can be used for it for oxygen while the electrolyte 
of said electrolyte layer includes the 1st site which uses alkali metals as a principal 
component by the fixed ratio to the 2nd site which uses other elements as a principal 
component. At this time, said multiple oxide may be a multiple oxide with which the mole 
ratio of the component of the 1st site to the component of the 2nd site was compounded 
with the mixing ratio smaller than said fixed ratio. 
[0027] 

If alkali metal reacts with C02 contained in the cathode anode gas in a fuel cell, an 
alkali- metal carbonate will be generated. This alkali - metal carbonate causes serious 
problems, such as decline in the conductivity of a fuel cell, and breaking of an electrolyte 
layer. 
[0028] 

Compared with the case where alkali metal exists as a multiple oxide, the way which 

exists as an alkali-metal oxide tends to react with C02 far. 

[0029] 

It can avoid making an alkali-metal oxide remain in this invention by generating said 
multiple oxide because the mole ratio of the component of the 1st site to the component of 
the 2nd site compounds with a mixing ratio smaller than said fixed ratio. Therefore, 
generation of an alkali-metal oxide can be controlled. The impurity may be mixed that 
alkali metals and other elements should just be the principal components of the 1st site of 
a multiple oxide, or the 2nd site, respectively. As a multiple oxide, there are perovskite, 
pyrochlore, a spinel, etc., for example. Rare earth elements (Cerium Ce, Zirconium Zr, 
Yttrium Y, ITTERIBIUMU Yb) can use for the 2nd site. 
[0030] 

while the electrolyte of said electrolyte layer includes the 1st site which uses alkali metals 
as a principal component by the fixed ratio to the 2nd site which uses other elements as a 
principal component, it is a specified quantity **** multiple oxide about oxygen, and said 
multiple oxide is specified quantity **** about the oxide of the 3rd element which forms an 
oxide with said alkali metals - you may be the multiple oxide compounded in the condition. 
[0031] 



9/19 



Japanese Publication number : 2004-146337 A 

With the 3rd element, since alkali metals come to exist as an oxide which contains alkali 
metal and the 3rd element as an alkali-metal oxide, they can control generating of an 
alkali-metal carbonate. As the 3rd element, there are Titanium Ti, Manganese Mn, iron Fe, 
etc. The oxides of the 3rd element are Ti02, Mn02, Fe 203, etc. 
[0032] 

This invention may be constituted as a fuel cell which used the 2nd electrolyte membrane, 
the oxidation gas supply section in which this fuel cell supplies an oxygen pole to one field 
of the 2nd electrolyte membrane, and supplies oxidation gas to an oxygen pole arranging 
-■ the field of another side a hydrogen pole and a hydrogen pole hydrogen - it is 
constituted by having the fuel gas feed zone which supplies rich fuel gas. 
[0033] 

In this fuel cell, when it is either of the alloys with which a base material includes at least 
vanadium, niobium, tantalums, and these parts, it is desirable to arrange so that an 
electrolyte layer may exist in a hydrogen pole side rather than a base material. The 
hydrogen embrittlement of these ingredients can be controlled by carrying out like this. An 
electrolyte may exist in the both sides by the side of the hydrogen pole of a base material, 
and an oxygen pole. 
[0034] 

In a fuel cell, it is desirable to consider as the arrangement between which it is placed by 
either [ at least ] a base material or coat between an electrolyte layer and an oxygen pole. 
That is, it is desirable that an electrolyte layer considers as the arrangement which does 
not contact an oxygen pole and directly. By carrying out like this, an inorganic electrolyte 
membrane can control the short circuit which may be produced by contacting an oxygen 
pole and directly. 
[0035] 

This invention may be constituted as the manufacture approach of an electrolyte 
membrane besides the configuration as an electrolyte membrane and a fuel cell, and the 
manufacture approach of a fuel cell. The manufacture approach of the 1st electrolyte 
membrane can be made into the manufacture approach equipped with the process which 
forms the water electrolyte layer containing moisture, and the process which forms the 
precise film of a hydrogen permeability ingredient in both sides of an electrolyte layer. The 
manufacture approach of the 2nd electrolyte membrane can be made into the manufacture 
approach equipped with the process for which the base material formed with the precise 
hydrogen permeability ingredient is prepared, and the process which forms an inorganic 
electrolyte layer to one [ at least ] field of a base material. 
[0036] 

A fuel cell can be manufactured by equipping these electrolyte membranes with the 
process which prepares an oxygen pole, a hydrogen pole, the oxidation gas supply section, 
and a fuel gas feed zone further. 
[0037] 

[Embodiment of the Invention] 
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A. Solid-state macromolecule membrane type ■ 
Al. solid-state macromolecule membrane type • 

Drawing 1 is the explanatory view showing typically the configuration of the solid-state 
macromolecule membrane type fuel cell as an example. The cross section of the eel which 
constitutes a fuel cell was shown. This eel has structure which sandwiched the electrolyte 
membrane 20 on the oxygen pole 10 and the hydrogen pole 30. The passage for supplying 
the air as oxidation gas is established in the oxygen pole 10. the hydrogen pole 30 - 
hydrogen - the passage for supplying rich fuel gas is prepared. The oxygen pole 10 and the 
hydrogen pole 30 can be formed with various ingredients, such as carbon. 
[0038] 

The electrolyte membrane 20 has multilayer structure into which the metal layer with 
precise hydrogen permeability inserted both sides of the electrolyte layer 23 formed by the 
solid-state poly membrane. For example, the Nafion (trademark) film etc. can be used for 
the electrolyte layer 23. The compact layer 24 of palladium (Pd) is formed in the field by 
the side of the hydrogen pole of the electrolyte layer 23. The compact layer 22 of a 
vanadium-nickel alloy (V-nickel) is formed in the oxygen pole side. The compact layer 21 of 
Pd is further formed in the oxygen pole side of a compact layer 22. In the thickness of the 
compact layers 21 and 24 of Pd, in this example, the thickness of the compact layer 22 of 
0.1 micrometers and V-nickel set thickness of 10 micrometers and the electrolyte layer 23 
to 30 micrometers. The thickness of each class can be set as arbitration. 
[0039] 

The electrolyte layer 23 contains moisture. Since it faces across both sides of the electrolyte 
layer 23 by compact layers 22 and 24 as above-mentioned, possibility that the moisture in 
the electrolyte layer 23 will pass through these compact layers 22 and 24, and will break 
away out of the electrode, as a result the eel is low. Moreover, balking of the moisture from 
a perimeter can also be controlled by carrying out the seal of the perimeter (for example, 
the field A in drawing) of the electrolyte layer 23. The seal of the compact layers 22 and 24 
in this example and a perimeter functions as a maintenance device in which the moisture 
of the electrolyte layer 23 is held. 
[0040] 

In a generation-of-electrical-energy process, it becomes a proton, the electrolyte layer 23 is 
moved, it combines with oxygen on the oxygen pole 10, and the hydrogen in the fuel gas 
supplied to the hydrogen pole 30 generates water. The moisture contained in the 
electrolyte layer 23 contributes to migration of a proton. In order to promote the reaction in 
a hydrogen pole and an oxygen pole, usually into a eel, catalyst beds, such as platinum (Pt), 
are prepared. Although the graphic display was omitted, a catalyst bed can be prepared 
between compact layers 21 and 24, and the oxygen pole 10 and the hydrogen pole 30. It is 
good between a compact layer 22 and the electrolyte layer 23 between compact layers 21 
and 22 also as what is prepared between the electrolyte layer 23 and a compact layer 24 etc. 
[0041] 

Drawing 2 is process drawing showing the production process of the fuel cell of an example. 
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In this production process, the electrolyte layer 23 is generated first (step SlO). Next, 
compact layers 21, 22, and 24 are formed in both sides of this electrolyte layer 23 (step S12). 
And electrodes 10 and 30 are attached in the both sides of compact layers 21 and 24, 
respectively (step S14). What is necessary is just to form a catalyst bed suitably at one of 
processes according to the location. 
[0042] 

Since it becomes possible to hold the moisture of the electrolyte layer 23 according to the 
fuel cell explained above, operation comparatively in an elevated temperature is attained. 
For example, when the Nafion film is used for the electrolyte layer 23, operation at about 
200 degrees C is possible. 
[0043] 

Drawing 3 is the explanatory view showing the lamination list of the solid-state 
macromolecule membrane type fuel cells as a modification. Case A is equivalent to the 
structure ( drawing 1 ) of an example. That is, it is the structure which prepared the 
oxygen pole side compact layer which consists of V-NiV-nickel and Pd between the 
electrolyte layer and the oxygen pole, and prepared the compact layer by the side of the 
hydrogen pole of Pd between the electrolyte layer and the hydrogen pole. 
[0044] 

The fuel cell of this example is good also as structure of preparing the oxygen pole side 
compact layer which consists of V-nickel like Case B, and the hydrogen pole side compact 
layer which consists of Pd the compact layer just being prepared in both sides of an 
electrolyte layer. Moreover, an oxygen pole side compact layer and a hydrogen pole side 
compact layer may consist of Pd like Case C. In Cases A and B, it may replace with 
V-nickel and vanadium (V) may be used. Vanadium etc. was used for the oxygen pole side 
compact layer because it was easy to carry out the hydrogen embrittlement of these metals. 
It does not mean that these ingredients cannot be used for a hydrogen pole side compact 
layer. It cannot pass over the modification of drawing 3 to an example, but the compact 
layer which becomes the solid-state macromolecule membrane type fuel cell of this 
invention from various ingredients can be applied. 
[0045] 

In the fuel cell of an example, the film of not only a solid-state macromolecule but a 
heteropolyacid system and the film of a water peta alumina system may be used as an 
electrolyte layer 23. When these ingredients are used, operation at about 300 degrees C is 
possible. 
[0046] 

A2: Solid-state macromolecule membrane type equipped with the metal diffusion control 
layer • 

Drawing 4 is the explanatory view showing typically the 1st configuration of the solid-state 
macromolecule membrane type fuel cell equipped with the metal diffusion control layer. 
The cross section of the eel which constitutes a fuel cell was shown. Although the 
fundamental configuration is the same as that of the fuel cell shown in drawing 1 , the 
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metal diffusion control layer 25 differs from drawing 1 at the point prepared in the 
interface of the compact layer 21 of palladium (Pd), and the compact layer 22 of a 
vanadium-nickel alloy (V-nickel). 
[0047] 

In this example, although the metal diffusion control layer 25 is a precise object and set the 
thickness to 1 micrometer, it can set thickness as arbitration. Furthermore, although the 
oxide (W03) of a tungsten shall be used for the metal diffusion control layer 25, not only 
this but a proton conductor, a mixed conductor, ceramics and such composite material, and 
a dip ingredient may be used. For example, as a proton conductor, there is Mn03 etc. as 
multiple oxides, such as perovskite, pyrochlore, and a spinel, and a mixed conductor. 
[0048] 

Drawing 5 is the explanatory view showing typically the 2nd configuration of the 
solid-state macromolecule membrane type fuel cell equipped with the metal diffusion 
control layer. The cross section of the eel which constitutes a fuel cell was shown. Although 
the fundamental configuration is the same as that of the fuel cell shown in drawing 1 , the 
metal diffusion control layer 25 differs from drawing 1 at the point prepared in the 
interface of the compact layer 21 of palladium (Pd), and the compact layer 22 of a 
vanadium-nickel alloy (V-nickel) in discontinuous at island shape. 
[0049] 

In this example, although thickness of the metal diffusion control layer 25 was set to 1 
micrometer, thickness can be set as arbitration. Furthermore, although the nickel (nickel) 
which is a proton non-conductive metal shall be used for the metal diffusion control layer 
25, it is not only this but a proton conductor, a mixed conductor, and an insulator, Proton 
non-conductive a metal, ceramics, and these composite material and dip ingredients may 
be used. For example, as a proton conductor, there is Co etc. as Mn03 and an insulator as 
multiple oxides, such as perovskite, pyrochlore, and a spinel, and a mixed conductor as a 
metal of non-conductivity [ proton / aluminum 203, Si02 and MgO, and ]. It is more 
effective to prepare in island shape in discontinuous, since there is no proton convective 
especially in the case of an insulator. 
[0050] 

If the solid-state poly membrane mold fuel cell which was shown in drawing 4 or drawing 5 
and which equipped the interface of a dissimilar metal with the metal diffusion control 
layer is used, the metal counter diffusion of dissimilar metals (here, they are palladium 
(Pd) and a vanadium nickel alloy (V-nickel)) can be controlled, and lowering of the 
hydrogen permeability ability of a hydrogen permeability ingredient can be controlled. 
[0051] 

B. Solid acid ghost mold • 
Bl. solid acid ghost mold * 

Drawing 6 is the explanatory view showing typically the configuration of the solid acid 
ghost mold fuel cell as an example. The cross section of the eel which constitutes a fuel cell 
was shown. This eel has structure which sandwiched the electrolyte membrane 40 on the 
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oxygen pole 10 and the hydrogen pole 30. The structure and construction material of the 
oxygen pole 10 and the hydrogen pole 30 are the same as that of a solid- state 
macromolecule membrane type. 
[0052] 

The electrolyte membrane 40 has five layer systems centering on the precise base material 
43 formed by vanadium (V). The thin film of the electrolyte layers 42 and 44 which consist 
of a solid acid ghost is formed by both sides of a base material 43. The ceramic proton 
conductor of BaCe03 and SrCe03 system etc. can be used for the electrolyte layers 42 and 
44. The coats 41 and 45 of palladium (Pd) are formed in the outside surface of the 
electrolyte layers 42 and 44. In the thickness of the coats 41 and 45 of Pd, in this example, 
the thickness of 0.1 micrometers and the electrolyte layers 42 and 44 set thickness of 1 
micrometer and a base material 43 to 40 micrometers. The thickness of each class can be 
set as arbitration. 
[0053] 

In order to promote the reaction in the hydrogen pole and oxygen pole in a 
generation-of-electrical-energy process, usually into a eel, catalyst beds, such as platinum 
(Pt), are prepared. Although the graphic display was omitted, a catalyst bed can be 
prepared between an electrolyte membrane 40, and the oxygen pole 10 and the hydrogen 
pole 30. In addition, you may prepare between the electrolyte layers 42 and 44 and a base 
material 43 etc. between coats 41 and 45 and the electrolyte layers 42 and 44. 
[0054] 

Drawing 7 is process drawing showing the production process of the fuel cell of an example. 
In this production process, a base material 43 is generated first (step S20). Next, the 
electrolyte layers 42 and 44 are formed to both sides of this base material 43 (step S22). 
Although it is performed membrane formation of an electrolyte layer generating an 
electrolyte, it mentions later about an electrolytic generation method. Since the base 
material 43 is precise, sufficient thin-film-izing of the electrolyte layers 42 and 44 is 
possible for it. Membrane formation can use various technique, such as a physical vapor 
deposition, chemical vacuum deposition, and sputtering. Finally, Pd film is formed on the 
outside surface of the electrolyte layers 42 and 44, and electrodes 10 and 30 are attached in 
it (step S44). What is necessary is just to form a catalyst bed suitably at one of processes 
according to the location. 
[0055] 

According to the fuel cell explained above, the electrolyte layers 42 and 44 can fully be 
thin-film-ized by forming membranes on the precise base material 43. Therefore, 
electrolytic membrane resistance can be controlled and operation at low temperature is 
attained comparatively. In this example, operation at about 600 degrees C is possible. 
When the electrolyte layers 42 and 44 are thin-film-ized to about 0.1 micrometers, an 
operating temperature can be reduced at about 400 degrees C. 
[0056] 

Drawing 8 is the explanatory view showing the lamination list of the solid acid ghost mold 
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I fuel cells as a modification. Case A is equivalent to the structure ( drawing 6 ) of an 

example. That is, it is the structure which prepared the electrolyte layer in both sides of 
the base material of precise V, and prepared the coat of Pd in the both sides further. All 
over drawing, the expedient top, base material, and coat of a graphic display were not 
distinguished, but it was indicated as the "base material." Moreover, the layer name of 
L1-L5 was given to each class from the expedient top [ of explanation ], and oxygen pole 
side. 
[0057] 

The electrolyte layer should just be formed on the base material with the precise fuel cell of 
this example. For example, the base material of V may be formed in LI layer like Case B, 
and an electrolyte may be formed to the L two-layer located in the hydrogen pole side. The 
coat of Pd may be formed in the field by the side of the oxygen pole of V in LI layer. The 
coat of Pd is formed in the hydrogen pole side of an electrolyte layer as L3 layer. L3 layer in 
Case B may be omitted like Case C. In Cases B and C, in Ll layer, the metal of a different 
kind Pd and V touches, and the alloying by diffusion of dissimilar metals may arise at the 
time of an elevated temperature. Therefore, as for Cases B and C, it is desirable to make it 
operate at about 400 degrees C. Under this temperature, in order to stop the membrane 
resistance of an electrolyte layer, it is desirable to attain sufficient thin filnrization, for 
example, it is desirable to consider as the thickness which is about 0.1 micrometers. 
[0058] 

Ll layer in Case B may be omitted like Case D. However, generally the configuration 
which it is more desirable for a solid acid ghost electrolyte layer to avoid direct contact to 
the oxygen pole, and this viewpoint to Ll layer does not omit is desirable. 
[0059] 

Solid acid ghost mold equipped with B*2. metal diffusion control layer and the reaction 
control layer • 

Drawing 9 is the explanatory view showing typically the configuration of the solid acid 
ghost mold fuel cell equipped with the metal diffusion control layer and the reaction 
control layer. The cross section of the eel which constitutes a fuel cell was shown. The 
electrolyte membrane 50 has five layer systems centering on the precise base material 53 
formed by vanadium (V). The field by the side of the hydrogen pole 30 of a base material 53 
is equipped with the metal diffusion control layer 54 of a precise object. Furthermore, the 
coat 55 of palladium (Pd) is formed in the outside surface of the metal diffusion control 
layer 54. 
[0060] 

On the other hand, the field by the side of the oxygen pole 10 of a base material 53 is 
equipped with the reaction control layer 52 of a precise object, and the thin film of the 
electrolyte layer 51 which consists of a solid acid ghost is further formed by the outside 
surface of the reaction control layer 52. SrCe03 of the metallic oxide which is one of the 
perovskites is used for the electrolyte layer 51. In the thickness of 1 micrometer and the 
reaction control layer 52, in this example, the thickness of 0.2 micrometers and the 
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electrolyte layer 51 set [ the thickness of the coat 55 which is Pd / the thickness of 0.2 
micrometers and the metal diffusion control layer 54 ] thickness of 0.1 micrometers and a 
base material 53 to 40 micrometers. The thickness of each class can be set as arbitration. A 
proton conductor, a mixed conductor, and an insulator are used for the reaction control 
layer 52. 
[0061] 

Drawing 10 is the explanatory view showing typically the 2nd configuration of the solid 
acid ghost mold fuel cell equipped with the metal diffusion control layer and the reaction 
control layer. The cross section of the eel which constitutes a fuel cell was shown. It differs 
from the solid acid ghost fuel cell of drawing 9 in that the precise object 56 of palladium 
(Pd) is arranged in island shape in discontinuous in the interface of the reaction control 
layer 52 and a base material 53. Since the precise object 56 disassembles a hydrogen 
molecule into a proton etc., it is effective in securing electromotive force. 
[0062] 

Drawing 11 is the explanatory view showing typically the 3rd configuration of the solid 
acid ghost mold fuel cell equipped with the metal diffusion control layer and the reaction 
control layer. The cross section of the eel which constitutes a fuel cell was shown. 
[0063] 

The solid acid ghost fuel cell of drawing 9 is not the per continuum, allots the reaction 
control layer 52 in discontinuous to island shape in the interface of the electrolyte layer 51 
and a base material 53, and differ in the interface of a base material 53 and a coat 55 not 
the per continuum but in that the metal diffusion control layer 54 is allotted to island 
shape in discontinuous. Although the thickness of 1 micrometer and the reaction control 
layer 52 of the thickness of the metal diffusion control layer 54 is 0.2 micrometers, the 
thickness of each class can be set as arbitration. It is more effective to prepare in island 
shape in discontinuous like drawing 11 , since there is no proton convective when the metal 
diffusion control layer 54 and the reaction control layer 52 are insulators. 
[0064] 

In the solid acid ghost mold fuel cell shown in drawing 9 - drawing 11 , it can prevent 
oxygen's moving to the interface of the base material 53 formed by vanadium (V), and the 
electrolyte layer 51 formed with the metallic oxide from an electrolyte layer by having the 
reaction control layer 52, reacting with vanadium, forming the oxide layer of vanadium, 
and the electromotive force of a fuel cell declining. 
[0065] 

Furthermore, by equipping with the metal diffusion control layer 54 the interface of the 
coat 55 of the base material 53 formed by vanadium (V), and palladium, metal counter 
diffusion can be controlled and lowering of the hydrogen permeability ability of a hydrogen 
permeability ingredient can be controlled. 
[0066] 

Generation method of a B3. electrolyte : 

From here, the generation method of the electrolyte in step S22 of drawing 7 which carried 
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out point ** is explained. This example explains the generation method of the electrolyte of 
a perovskite mold multiple oxide. A perovskite mold multiple oxide is an oxide by which a 
general notation is carried out by AB03. Here, A site shall serve as alkali metals. 
[0067] 

Drawing 12 is the explanatory view showing the 1st kind of generation of an electrolyte in 
this example. The above figure shows the molecule condition before electrolyte generation, 
and the following figure shows the molecule condition after electrolyte generation. If the 
mol concentration of AO is smaller than the mol concentration of B02 before a reaction and 
these react, AB03 is generated and B02 remains. For example, 
[AOMB02] =0.95-0.99 (D expresses mol concentration) 
Carrying out is desirable. 
[0068] 

Drawing 13 is the explanatory view showing the 2nd kind of generation of an electrolyte in 
this example. The above figure shows the molecule condition before electrolyte generation, 
and the following figure shows the molecule condition after electrolyte generation. Before a 
reaction, in addition to AO and B02, if the oxide which forms the alkali metal and the 
oxide of A site which are called M02 is contained and these react, AB03 and AM03 are 
generated and B02 remains. In addition, the mol concentration of AO is smaller than the 
sum of the mol concentration of B02, and the mol concentration of M02. For example, 
[AO]/([B02] + [M02]) =0.95-0.99 (D expresses mol concentration) 
** — it is desirable. 
[0069] 

As an oxide MO 2 which forms alkali metal and an oxide here, there are Ti02, and Mn02 
and Fe 203, for example. It reacts with alkali-metal A, respectively, and an oxide called 
ATi03, AMn03, and AFe03 is generated. 
[0070] 

Rare earth elements can use for B site. Rare earth elements are Cerium Ce, Zirconium Zr, 

Yttrium Y, and ITTERIBIUMU Yb. 

[0071] 

The oxide (AO) of alkali metal reacts with the carbon dioxide CO 2 contained in cathode 
anode gas, and generates a carbonate. Although not existing by the independent one after 
electrolyte generation is desirable as for the oxide of alkali metal since a carbonate causes 
decline in conductivity, and breaking of an electrolyte layer, after electrolyte generation 
stops the oxide of AO, i.e., alkali metal, existing [ in after ] independently according to the 
generation method of the electrolyte shown by drawing 12 or drawing 13 . 
[0072] 

The electrolyte generation method of this example is applicable not only to the electrolyte 
of a perovskite mold multiple oxide but the electrolyte of a pyrochlore mold multiple oxide 
(A2B 207) and a spinel mold multiple oxide (AB04). An impurity may be in close and can 
apply it to BO (A0.8a0.2)3, ABCOX, etc. 
[0073] 
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As mentioned above, although the various examples of this invention were explained, it 
cannot be overemphasized that configurations various in the range which this invention is 
not limited to these examples and does not deviate from the meaning can be taken. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the explanatory view showing typically the configuration of the solid-state 
macromolecule membrane type fuel cell as an example. 

[Drawing 2] It is process drawing showing the production process of the fuel cell of an 
example. 

[Drawing 3] It is the explanatory view showing the lamination list of the solid-state 
macromolecule membrane type fuel cells as a modification. 

[Drawing 4] It is the explanatory view showing typically the 1st configuration of the 
solid-state macromolecule membrane type fuel cell equipped with the metal diffusion 
control layer. 

[Drawing 5] It is the explanatory view showing typically the 2nd configuration of the 
solid-state macromolecule membrane type fuel cell equipped with the metal diffusion 
control layer. 

[Drawing 6] It is the explanatory view showing typically the configuration of the solid acid 
ghost mold fuel cell as an example. 

[Drawing 7] It is process drawing showing the production process of the fuel cell of an 
example. 

[Drawing 8] It is the explanatory view showing the lamination list of the solid acid ghost 
mold fuel cells as a modification. 

[Drawing 9] It is the explanatory view showing typically the configuration of the solid acid 
ghost mold fuel cell equipped with the metal diffusion control layer and the reaction 
control layer. 

[Drawing 10] It is the explanatory view showing typically the 2nd configuration of the solid 
acid ghost mold fuel cell equipped with the metal diffusion control layer and the reaction 
control layer. 

[Drawing 11] It is the explanatory view showing typically the 3rd configuration of the solid 
acid ghost mold fuel cell equipped with the metal diffusion control layer and the reaction 
control layer. 

[Drawing 12] It is the explanatory view showing the 1st kind of generation of an electrolyte 
in this example. 

[Drawing 13] It is the explanatory view showing the 2nd kind of generation of an 

electrolyte in this example. 

[Description of Notations] 

10 Oxygen pole 

20 - Electrolyte membrane 
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I?:tltl c itCcfe 9 , MTT*Sl£LTt>$7j<«8?«/f©7j<#©^^£ffl]fM^^ d £ 
IK jg *n © « * ft! ftj "T 5 C £: tfV # § o fi£ o T , *>*5*IJlI*ffl^5cJ:(L 

<t 9 . fgs§y©Mm^©iMts*^ft±£-e&ci:tf-£-i*3o -&7}<itifMJia. #j * if 

■t 5 >y ^ „ f^x, 7';l'Sf-^^7j<^^#S^fc^%fflv^e:i:^T*#§e 
[oo l o ] 

li\ 7S -7- £ A , - * r > >y?;l'ftJ:tfi:h60'>fl;< 4: fc — S5 % $ tr & © ^ "f n fr 

&&£i:LTt>cfc^o -Klccne^fiSa, #JR<Di8»14tfiS<» it f£ W£ ffi £> 3 fc 
46, fr fr & ffl & fc Jl L T ^ i> <, cne.oMfi^, TkiRSWOttfBilfciBffl-rscfcfcnjfil 
T* » $ 5 # , **» ft *H»*-*fc*fc{illJRSfflK:fflV' 
[001 1 ] 

(i\ A 7 ■>* 'i 1 A S /i (i 7 ^ A □ # 1" 5 C t 7 t 5 o 7^ =? 5? 9 A , Jt « W ift V * 
[00 l 2 ] 

*»K*JRj8jStttt**©tt?B!!H:, g fl £ « fr £ & 3 '> ft < fcfc2Ji©7jcil6«-||IBt»A^* 
l?ti, SS14log«#ffi©'>^ < i:t> — 8l5fclSS«&*H±©i£1R*:*P*'J , rs&* 40 
iJ;1R«i»J**«*.St>©i: L T & & „ 
[00 l 3 ] 

**j8)fitt#**{±* 0>J * , rt? i? V V V 1±/ 1*%. E<DV ^ Y V ■< v =J- 

a a # ii < , & ^ h ^ -5 m £ # & § # , 7j< us # ? % y a h > ^ # i§i -r s s& *Hg <^ £ ^ 

[0014] 
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[00 1 5 ] 

Iff 15 & JH S£ 1R ffll M /f tt > 7nh>g|#, £ a» « {* , -tr^^-y^X, rnhv 

^e#tto6I©5 % '> ft < £ fe 1 o%tift<Di L T fe & t,^ <, 

[0016] 

14 ;/ □ h y £ a» {* — 8 t? & 9 , h v#£ftt©^IIi, if iiSItSA'T'n h> 

o 

[00 1 7 ] 

#»»*«*.*cfcfc:.fc?>:||li«S*iSo 20 

[00 1 8 ] 

<fcfc-#©Etej*§t£nfc&«H<£>*»«Jii:*flli*.3o c?t*itf, » ?B ft S # ± tc 

m.mt & c t iz £ v . nmm.m* + #icnmit? % c ttfvz %o mz-if, ce * » i o /* 

mWl-eS^ftllSJliOf 0. l~l/im@Sfi:^-r-^<-r^cii:ft^Rrig-C 5 fe^ 

*Ci:ft*-Z**So*R«K<D*»K»U:, 09;tt£, B a C e 0 3 , S r C e 0 3 lot?? 

15. 30 
[00 1 9 ] 

XI £ ft £> <D 'p ft < t fe — g|5 % # tf ^ £ , 7 J' ■) i» , 7 ^ A & ft if % ffl V* S £ t ft* 

ft>ft* £> « Jg§ ffl 3 C i: J: 9, ft* T?#* 0 

[ 0 0 2 0 ] 

j^fefeSo Sl^Ii: LT«, t%-jr*j*?l** -$> > Z ;l is & Zf £ ft Z <D'J> 40 

ft< tt>—&*-gts&&<D^-fftfrt > 7 v' ^ A $ ft (i^ 7 •>* ^ A^^fe t ^5 

[ 0 0 2 1 ] 

-M«5**aiSe**»OK»«, gffi&JSft>e>ft3'>ft< fct>2JB©*iR»(IIM»ft^6«l« 
1RW »J LTfcfiV-'L, W K & B ffi ISf If 14 , 7 n h MSM 

t fe & v> „ ^coYtm • % $ a £ 1 o«ii¥S«io«^fcra«-e*So 

[ 0 0 2 2 ] 

£ 2 <D«j$SHtc *5t^T, ffilitff, SMti^-f^'^A, - * 7, £ > £ ;l> ft «t tf £ft £> <D 50 
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'> ft < 1 1> - sp * ft tr ft ft © ^ -r ti a* t? j£ fig -r s c k # » $ l v o cn^^stt, ?j< n 

[ 0 0 2 3 ] 

L T ft V „ 
[ 0 0 2 4 ] 

littfffiTtiOT, «Stt*?l!l©ie«*i«jIft«J:?>flS~F?-So fa\ £ JS » ffcl Jl * fit 

fMJfte, lief sgifcistfosw^fflt^ticottttiva, ifSicoitTt. 

ft ^ o * 51 ft tt K O 5 m ft » » «fttf*tt-e*oTt.ftV». 
[ 0 0 2 5 ] 

iuresjspusijjiti. h >gf u^mmfo, mm w <o ? % '> ft < 1 1 1 o % ft tr & 

© L T t> ft v „ MattftRJSflllWJifcLTfflV *»fttt, If lilcolt 5 C t A'gl L 
[ 0 0 2 6 ] 

MIEmi?H)f©m8?««:, 7;l/*'J4l7C**iS»J:t8Si ti'h*, ^ © ffi © te ft 20 

2 y-j h letter — molt-? tnic aftftrnftafttySftSMt:* 

^ffl^SilttfT'tS. C © £ £ „ iu IB IS ft &i fb . W 2 ft MOS»C»tS8 1 * 

* h©fi2»o*/i/it*v in ie - ft © it <fc !?/h*v>iiftjt"eftjsR*nfeaft»{tft-e*oT 
t ft v „ 

[ 0 0 2 7 ] 

r ;i/ * u ft jh # , i««at*»5*y-K •r/-K3ifx'fn:dsn5co 2 tsis-r 

[ 0 0 2 8 ] 

7 )i t> y ft jr a , ^^KfktihLT^ffi-r^^fttcib^T. t >i % v & mmitM t 30 

4t«B5tf, tt«^KC0 2 tSfSL-ft^. 
[ 0 0 2 9 ] 

* £ HI! T* « , WE«ftK{b*ft, £2 ft ^ Koa^fcJsttSS 1 ft -< M£>j«#©*;Hfctf 
, HuE-ft^Dl:b 5 fc , ^/J^^^^il^•i:bT^•fiic-r^ckT^fiSc•r§ci:^cJ;D^ 7 ;i/ * u ft S tt 

ft % * st ft s ■& ft <fc 3 fc r 5 c t r* # « 0 st^t, 7 ^ ts y ft s be ft n © ft $ * #P »j 
tsci^f?!. 7;i/*yftS7t;^ j ^-?-ofte<D7c^a, ^-n-^naftKfbWio^ift^ 

fi s Wiltf'?n7x*i'h J f^WDjD7 1 Xtf^-zl/ftiT^feSo »2*-< ft ± 

1S« (t'J>)AC e, S> ;l/ 3 — A Z r , -f 7 1> 'Jf i Y, -f -yf 'J tT ^ A Y b ) ft 
^SCt*'t'*5 0 40 
[ 0 0 3 0 ] 

m ie m m n % © m m n i± , 7;b*yftS7c^*±Bg^i:-rs^i-y-'i'h%, ^ © ft © tc si 

ft 2 v bicMLX-M<Ditv^tstmc B*ftffift«fttr«ft»>ft» 

- X s s o t x iuieiaftB!{k^«. maB7;i/*yft«7cjRi:fctiK:iiffc«i*jg«"r*!i3©7c 
*<oKfk«s*m^«ftA//£tt»-eftj««*ift«ftBi{kW-x?«ort.ftv'«o 

[ 0 0 3 1 ] 

^©Ttftfcj;^ 7 ;l/ * U ft JB 76 3R ti . 7 ^ £ 'J ft « BHb t&J i: L T T li ft < . 7 ;U * 'J 
ftJBfc£3©7nJRftfttr»Mb»i: Lt#fit5 J:9tc:5:50T\ 7;l/*UftJBKiftffi056 
t^MtSCttfTf 5„ ^ 3 ©Ttii: LT«> ^ £ > T i , V > # > M n . $c F e ft 

% o 3 (Dfim<DmitVBli, Ti0 2 . Mn0 2t F e 2 O 3 ft if T- & 3 0 50 
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[ 0 0 3 2 ] 

%esl, ffc 7j <Dmiz?i<mm. & & zf 7kmMic 7km v v * & is * * <&&t % is x 

{£ IS 93 £ {I x. 3 C tfcj: 
[ 0 0 3 3 ] 

a* a* & ms « n ic *5 v> r , iMA'^t^'^A, — * r x * i/ $ jvts i t>* c n 5. o '> * < t 
t*5. s » © 7j< * mp.y v m m m m © m 15 ic m m n *>v# & l t t> w t> * i-> . . 10 

[ 0 0 3 4 ] 

m n itinc *5 v> t & , wmnm tmmmt © m t , SMfcj:tfMs© / >^:< 1 1 - # # ^ 

[ 0 0 3 5 ] 

* ?§ B£ ti . « ft? H ffil , ISMfcLTOSSol, «£KiK<OSi!ifi£&. $5 ft M © M 

jaHTiiJiiTtA^. m 1 <D9M&.m<Dmmxm&, 7kfttt$A,r£<g7kmm«m* 
z j:m nMmm<Dffiwic7kmmm&ttw<Dm&m*B!&-? z i:m wi 
iToStt^cttfT'tSo i2oi»si<Dig^ffi(i, «ffi*7k3Rajas«ft-r?7^« 20 
^n/:itf%f is©'>ft< £ & - # © a , *gttK4>*MKJi*j£Bi-r 

[ 0 0 3 6 ] 

«S ft * » fi * S fc , * X « , it ft # x ft 16 gp , l^ifxffijg 

[ 0 0 3 7 ] 

[ ft m <d m m © m m 1 

A. @f*ft^?M^: 
A 1 . MfaTSft^mm : 

h 1 nxmrnt LT<Dmwmft?mmMHmm<Dm&*mi&WiC7jkirmwm-?%>z><, mm 30 

ttffi*#lJ«'rs-fe/WD»rffiJ&3v:L;fco c © -t: /Mi , ixgi 0. zKJRtt3 0T?«»Kil2 
ffi. SS m If £> tl T ^5 o 7k JR tt 3 0 K « , *Jl6yy^fcj&ft:ffX*#l&^Sfc«>©flII&tf 

gt^ht^s, nil 0, * ig n 3 0 t± , # — em* <DttmT*&m~ssmv$>% 

o 

[ 0 0 3 8 ] 

£ M S $ A, 7c S #1 i: & o T 0 tt 8? Si « 2 3 fi , 0!l *. fcT , 7 -f * y ( 9 8 ffi ffl 

) i4i:4ffi^5cttffti 0 n m a s 2 3 0 7k jk « w © a k « , /^f^i c p d ) 

Ol?gl2 4«iSW5ftT^5. ft * ffl'J K tt . ^ * A - — -y ^ 71/ & & ( V - N i ) 40 

oi?gi2 2 A^ite.nr^s. « *e s 2 2 © , m m w tc it , gc, p d © m ®jg 2 1 

*^ ^ n T V S o * HfiS fi?IJ T* ti . PdOlli2 1, 2 4 £D J? 2 a 0 . V-N 
i OSS12 2©fittl Ojiiii, I«li23©ifli30(iratlf;. § M <0 W t « 
- ft jR gS 3£ pj flg T» ^ 0 
[ 0 0 3 9 ] 

tssi2 3 t± , 7j<^^t# lt^5„ i^Ki2 3©Mffiti, ±a5©ao, mmm 2 2 

> 2 4T?»$nT^5ftft, fl 8? SI Jl 2 3 1*1 © 7k # , cn6©lSf 2 2 , 2 4 * M K> . 

ikifrmm, ui>r it^uinicmm lt^ < rt ti 14 « <a » •eft?stJi2 3cDjiB c 

fill A tf , I^^Ofi^cA) * -> - ;l/ f * c i: * t) , i^HA^?.©7j<^©{i)Bit«]SiJ-r§iii: 
A^*5o*Hi5Sil?>ltC45^SgaSB^2 2, 2 4 feitfSIO->- /Mi . SSPHS2 3<0* 50 
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tun mm t u t « he r s „ 

[ 0 0 4 0 ] 

■ 2 3 £ & S) L , 8? ig @ 1 0-CiIt)g^Lt7jc%tit5„ t«S12 3};§W?n 
■b;HfCtta4 (P t) f Ott«B4SJt5C^Ifttfe5. H^!fe**Lfci6^ Hj| 

a * « *. if , ifi2 i> 2 4 tmmm i o . 7\<mM 3 o t <d m ic m v % c t & x- z % 0 



2 3 t 0) 



2 3 t 



2 4 t 



SI 2 3<DMffil;:^ffiB2 1 , 

12 K 2 4 © M ffl'J K ^ ft ^* ft 



2 1, 2 2© H x 1^122tl 

[ 0 0 4 1 ] 10 

02 tiHiMOlSfifDligll^^tiiitfeS 
SI2 3ttit5 ( X f y 7 S 1 0) o # , COM 
22, 2 4 *»tftS (Xf 1 2) o * L X , 

fSl 0, 3 0*Sfc(5tttt* ( X r- y ? S 1 4) 

©ig-eiis:, mm? tuf & v. 

[ 0 0 4 2 ] 

&L±Tffi.mLrzMnnwiic ztxii, mmnm 2 3 © 7k # « & -r & c i: # ni si t & *> n. #> 
> j±«fl«i]Rfflt?oaito* , Rrflii:*a„ $1 * «\ 7 ■< * > m * m m n m 2 3 iz m ^it m & 
cii, tfa 2 0 0 °c s * t- <d w <e # nj m -e & & „ 

[ 0 0 4 3 ] 20 

0 3(i|IMt LT<OBf4:A^?IIIS!tt»«}(llOj|«ia-X«^-rK«HT*%«. ^ - X 
A(i« H S6 09 © « 3fi (0 1) tc i S 1 1. . o g; D , «S?K«i:^*^i:(DP^tc, V-Ni 
V-Ni*«ttfPd^&**||j|Sfi«a?BJi*|ftlt, «»K»fc*jlS«ifc©lfflfc, P d <D 

7j< * @ fig © m. & m * fc #1 jg -e & § o 

[ 0 0 4 4 ] 

# #1 M « , *lBKJB©i5BK:««Jl^»tt6ftT^fttf«fe<, fllAtf, ^ - 
X B <D J: •? lc V - N ifr5tt£lKJ|gSffl!lttf&J|, Is &Zf P d Z H & 7k$sm&11ISl&m 

t tic P d TiiLTt iV\ y-XA, B *5 T , V-N i Kftjlt, 7* ± V h ( 

v) %i^tui\ i±m*mmMmm&micm Brecon, cft&o&jH**** 30 

Si ffc L -T v *-> t? $> 3 o cfteoM^^TK^ffiiJ^ltffiJSCfflv^c i: ^ X 1 % v> c i: 

[ 0 0 4 5 ] 

SlJ&PO^SWftfifcfei^T, tSfS!23tlT, H ft i£ # ^ fc Pf - £, -?\ 'xf n^'JSI 
Oi« #7k/37;l/=^3k<D|Ji%ffi^Tt>J:^o Cft&<D«^*fflV>fc*^K:tt, S3 0 0 
°C S a t? © M G 38* Rl Si T* & -5. o 
[ 0 0 4 6 ] 

* i: IS) 81 T* & § t>K iiaifflffll2 5ff> M^^^A ( P d ) ©1112 l int^ 

1±- - -j >T (V-Ni) OS!f 12 2©lSffitC^ye»nT^55ti 1 fcttl 

& o T 1/^3 o 
[ 0 0 4 7 ] 

titt*fc»3£BllSI-e*So Stc, ^«ffiitffl]$iJ82 5tc{±, ? y^xfxoifti (wo 

, feAtfCft&Olt^W^-^ffljSfWft^fflvTfcav^o 0>J^.tf, yn h Lt(i 
^n^x^-fh, /Wa^nT', XfcT*;!/ ft «k g^figft i: L t (J M n 0 50 
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3 a E if & 2> o 
[ 0 0 4 8 ] 

iiT-fes, Mnnfik*Mj$.-? z>-t)i><Dmm*7rsLrz 0 s # «• a #i # « h 1 tc ^ i, & « «. 
t»kw*TS4a«, &jK&ft*p$iJi2 5ft<. ^7f*i ( p d ) aiBi&m z \ e^-t-j 

? * (V-Ni) ©t?gi 2 2 O^^II: ^Ilfiti: Stf 5 ntv> 

[ 0 0 4 9 ] 

5. H iC y & JS St ifc S5 fffl Jf 2 5 fC ti , 7 P PK>l^»«14cD^Sl?fe^--y'!r;l' (Ni) % 
fflV>3fc©fcLfc*<, cnKK6f, ^nh>£|ft, f& « ft , :/ n h > 

IE SI tt 14 <D & S . -tr^S-y^X, *J:tfcft6©«^*fjB^ffl#»iB*fl§v>Tt>&v>o ffl 
Atf, ^PFyeiftHTIHnyx*^ h, ^Wn^nZ, X tf * ;b & H © It ft ft 
I^glfttLTttMnOj . S& iSf 4* £ L T «: A 1 2 0 3 . S i 0 2 , MgO, !7° a 
h ^4tfcmi£(D&m£ LTl* C o £ E tf%> S 0 «rK«S»f*:0*i^H:» 7f a h >£IttA^j 
V fc * , If 31 m t/3 K. A « {C 1$ It § {5 o m Jtt T? & § o 
[ 0 0 5 0 ] 

4^0 5 ic^kLfc, Sa^S<D^^ffi{c^«Stti?PfiJJl^Mx.fcfflf*:JS»?MSy^i|st^ 



& JR m ± ( C C t* It 5 'J *? A ( P d ) t^t^^i-r-'y^/b^i 

'ft W © 7 J< iR j§ jfi 14 |g © (g T * PP ffil f 



(V-Ni) ) O&JgfiSStifc^SPfliiJL, 7}<j 

[ 0 0 5 1 ] 

B . @ <* ft fb M : 
B 1 . Ill {* ft ft % S : 

jti^«fig-r5-b;KDWfffi^^L.fc:o C <D -fe /Wi , illl 0, 7k & 8i 3 Of 



4 0 

li 0, zks£l&3 0<D8iii*5«J:tfWK«:, 
§u H fit T* £ „ 

[ 0 0 5 2 ] 

Oli> (V) f«^?nfclS«5;SiW4 3*if^i:tl. 5IiSt 

& o T ^ 3 „ » 4 3 OBffitli, @ftHtl^5)^§t(SII 4 2, 4 4 0lltf«| 
JtlT^^o 4 2 , 4 4 it, B a C e O 3 . S r C e O 3 IO-t75 7 n^P 

h > BWfc%: E * fB^ % C E tfT* Z Z> o tHIl 4 2, 4 4 <D ft ® tc « , /^^•Ji (P 
d) <Oftl4 1 , 4 5 # gS: if 6. n T ^ 5 o * n mi W T* » , PdOtB4 1, 4 50ifli 
0. 1/im, * ft? H g 4 2 , 4 4 1 (tm, Itt4 3®f Sli 4 0 (imt Lft. & 

[ 0 0 5 3 ] 

%nmmic &v % 7kmm & zximmMT: <d z> tzibic . * /v* k a a & (p t 

40iSlli o, 7j<^@3 0fc©fSfc|9:it5di:^T*So <r>m, 114 1, 4 5t 

IHIi4 2> 4 4 fcOFI, ISII 4 2 , 4 4 tl^4 3 t Cilt T <t l\ 

[ 0 0 5 4 ] 



o is « , 

M4 3tt 



4 3 £ £ fig "T £ (7.x-y7 p S2 0) 
fiKItS (Xf77'S2 2) c 1 

^ *H10> 3 0 «r 9 f* ^ 3 (Xf 7yS44) 



COltt4 3 <D M ® W. ft? 



:m 4 2 , 4 4^ 

X'& Z>rctb. tl?Il 4 2 , 4 4© 



7> J* v * v > v % E 
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[ 0 0 5 5 ] 

ix ± r* m m l tc m n n & k £ n a , $t & & a 4 3±tcfi)t^-r§c i^c^o^a?®/! 4 2 

, 4 4* + #K:*m ft f^Cttf Sfot, llgOlfiSi^flffltSLttfT't 

, tk?SW®ST©Slto^Rrtli:^:5o * H M 0« T* « . *5 6 0 0 tlSTOIgA^ilT'S 
£ „ « ft? H Jl 4 2 , 44^0, lpmgfifc£T*»J^tLfc«fcK:tt**?l4 0 0 , lCg«K: 

[ 0 0 5 6 ] 

i8 (iff it LT©i«:K(tftIMt?l!!Oli«-l«^tliiT$5o ^ - X A 
It, iMOlS (136) f£ *g S -f 3 „ ««S:VOS#OMifiC*)»JtI*S»t 
„ ICf ©WffiCP d^SI^SttfcftSTSSo H * T tt . 0 ^ £> <M !t ± , S fcf £: IS M 10 
fc * K SU •& ■** , ri^j t^Lfco £ fc, KSOfitJ:, »JR«fllft*££»fc:Ll~L5 
© Jl € { \f L „ 
[ 0 0 5 7 ] 

XBOi^lCL HCVfDlM^fiL, *©**«fflfJfcffl«-rSL2Jif!:«»K*j«it 
LTtJ;i\ L 1 ICft^TVOi^IftlOffiKH, P d ©SI?:*! L t * l\ 1» 
KiiOTkJlSfliffllfcfi L 3 m t IT P d ©SltfM^tiS. ^-xcoia K , y-XB 
(CfcltS L 3i5:f BSLtt J;V\ ^- XB, C tli, L 1 1 1: ^ T , PdkVtt^ 

5„ $fot> t-XB, Clt, 4 OOtiiTll^S^SCkA'jifSLlV fr^§SKT 20 
[ 0 0 5 8 ] 

y-XDOi^lC, ^r-XBlCfcltl! L 1 I^tiLTti^o fc fc L . - 0S @ 4* ^ fb 
W*»K«fi»Sl6ffifc<iDiSSi»«l*iaiJS5?>yi9 t Sb<s 5 fl jA 6 , L 1 Ilitlg 
L £ V>« fig # » £ Ll\ 
[ 0 0 5 9 ] 

B2. &Sffi»ffllM»kKiSffliM»*«*;fcHf*»{l:14iS: 

■tmwm-e& % . jw»«»3fe«ja-rs-fe/i'©»fffi*^Lrco * ft? it n 5 o « , /^^^a 30 

(V) T'f6SSnfti^4IW5 3 4*«tt5 5iiifit4oT^5o S W 5 3 <Z> * JR 
«3 0«<£>ffifctt, tt«ftO^Ilil;ttaiWl5 4*«i*6nT^5. £t<:&«&ft&]flPJ« 
5 4 © S »± , /< 7 v 7 *7 A ( P d ) OfiH5 5S'S»6hT^S. 

[ 0 0 6 0 ] 

0 11 ft? ® ffi 5 1 (C (i , ^n7X*-<b(Dl-Dt'£§^Iifti©S rCe0 3 # fli ^ 5 „ 
* H m m V « , P d©t!5 5OISU0. ^IteS(ffl»Jl540l|S(il(jm 
, jgj£#PffrJJl5 2cDJp£teO. 2 /im, tfilll5 1 0. 1 /ira, Iti5 3®I 
?B4 0/imtL/c o ^JiO»S«e3KfC»SBifll'7** < , K fS *P Sl« 5 2 K « » "/ah 40 

[ 0 0 6 l ] 

01 oil, &Bffitt$P<Maas^ffliiiija«M^^s^ifi{b%^tt»«»o%2o 

2 kl^5 3©il?Ifc, ^JUaWfcAtttc/^^^A (Pd 

[ 0 0 6 2 ] 
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[ 0 0 6 3 ] 

09©Hf*K{fcto8fc«?fcfctt, nmnm 5 1 tm# 5 3 o ^ w s tc , m b*hc tm± & < 
ft<^aiMnicA4X(cftjiiteiRfliiHji5 4*EUT^*jST?a*So ^jaffl^flnsijes 4 

(im, SJtSfflJSfJS5 2£O/i?(±0. 2 /i m T & 5 , & Jl © J¥ £ t£ ffi tUC B 5£ 
Rl T 5 o ^Stei!(SP*'Jll5 4^SJSa]$fJ«5 2A^i»ftO^^«, 7" n h jg 14 

fc a. 01 i <d «k 5 tc if a m ic a « {c m # 5 s ? # * j» t- & 3 . 

[ 0 0 6 4 ] 

09~0i 1 fc ^ l s m it wb s> m n 9. t* a , a ^ * a c v ) Tis?nftiM5 
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